OBJECTIVE: Whether underlying chronic respiratory diseases are susceptible factors for symptomatic episodes, which lead to primary-level care, in association with air pollutant exposures is unknown. We evaluated and compared association lag structures between daily ambient levels of nitrogen dioxide (NO 2 ) and total suspended particulates (TSP) and respiratory symptom-related doctor visits in adults with different patterns of underlying chronic respiratory disease. METHODS: In a time-stratified case-crossover analysis nested within a diary panel study, 459 Swiss adult participants with asthma, chronic bronchitis, chronic obstructive pulmonary disease (COPD) and healthy participants recorded occurrence of respiratory-symptom related doctor visits (n = 1,048) in one to six four-week intervals over two years. For each disease subgroup, odds ratios (ORs) ) lagged between 0-13 days in a polynomial distributed lag model. RESULTS: Higher ORs for NO 2 in participants with COPD (OR: 1.17, 95%CI: 1.02-1.35) and asthma (OR: 1.15, 95%CI: 1.02-1.30) occurred at exposure lags of two and five days, respectively. Doctor visits increased by 9.1% (95%CI: 3.2-15.4%) and 4.2% (95%CI: 1.2-7.2%) over the first week following a 10 µg/m 3 increase in NO 2 concentration in the COPD and chronic bronchitis subgroups, respectively. The percent increase in the COPD subgroup was significantly greater (p <0.05) when compared with the healthy subgroup. Observed findings were similar for TSP. CONCLUSIONS: Respiratory problems leading to a doctor visit, associated with an increase in exposure to NO 2 and TSP, may have a faster dynamic in individuals with COPD.
Summary
OBJECTIVE: Whether underlying chronic respiratory diseases are susceptible factors for symptomatic episodes, which lead to primary-level care, in association with air pollutant exposures is unknown. We evaluated and compared association lag structures between daily ambient levels of nitrogen dioxide (NO 2 ) and total suspended particulates (TSP) and respiratory symptom-related doctor visits in adults with different patterns of underlying chronic respiratory disease. METHODS: In a time-stratified case-crossover analysis nested within a diary panel study, 459 Swiss adult participants with asthma, chronic bronchitis, chronic obstructive pulmonary disease (COPD) and healthy participants recorded occurrence of respiratory-symptom related doctor visits (n = 1,048) in one to six four-week intervals over two years. For each disease subgroup, odds ratios (ORs) 9 .1% (95%CI: 3.2-15.4%) and 4.2% (95%CI: 1.2-7.2%) over the first week following a 10 µg/m 3 increase in NO 2 concentration in the COPD and chronic bronchitis subgroups, respectively. The percent increase in the COPD subgroup was significantly greater (p <0.05) when compared with the healthy subgroup. Observed findings were similar for TSP.
Introduction
The effect of air pollution on respiratory morbidity and mortality in adults is well documented in epidemiologic studies which examine severe outcomes including emergency room visits or hospitalisations. There is also evidence to suggest that individuals with underlying chronic respiratory disease including asthma or chronic obstructive pulmonary disease (COPD) are more susceptible to the acute effects of air pollutants including aggravation of respiratory symptoms, hospitalisations, and mortality [1] [2] [3] [4] . Less is known about the effect of air pollution on respiratory outcomes in the context of a primary healthcare setting, such as visits to the doctor for general consultation or doctors' house calls in relation to respiratory symptoms or disease [5] [6] [7] [8] . Symptomatic respiratory episodes leading to subsequent primary care are likely to be less severe than those that lead to emergency care, but they may also be more common, resulting in time off from work for the doctor visit or for home recuperation, suggesting a large impact in terms of public health and societal costs. Doctor visits may serve as a useful indicator for the health effects of air pollution in the acute time domain. Whether adults with underlying chronic respiratory diseases are more susceptible to respiratory symptom-related doctor visits in association with air pollutant exposure is unknown. The purpose of this study was to investigate the effects of current levels of ambient nitrogen dioxide (NO 2 ) and total suspended particulates (TSP), as markers of traffic-related particulate matter, on doctor visits for respiratory problems in a large diary panel study of adults that was conducted in 1992 and 1993 as part of the Swiss Cohort Study on Air Pollution and Lung and Heart Diseases in Adults (SAPALDIA). While the data from the SAPALDIA diary study was collected nearly 20 years ago, the size of the diary panel study is unprecedented, and the time patterns of exposure-response over a long duration have not been addressed in the literature. Furthermore, while air quality in Switzerland may have changed over time, air quality in Switzerland from the early 1990's is still a reasonable proxy of air quality in many other places in the world. Many of the diary study participants were also present with symptoms consistent with asthma, chronic bronchitis, and COPD, thus providing a unique opportunity to evaluate association lag structures in short-term effects of air pollutant levels related to primary care in adults with different patterns of underlying chronic disease.
Methods

Study population and design
SAPALDIA is a multicenter and population based prospective cohort study consisting of a random sample of 9,561 adults between the ages of 18-60 recruited from eight regions (Aarau, Basel, Davos, Geneva, Lugano, Montana, Payerne, and Wald) in Switzerland. Baseline examination occurred in 1991 where participants were administered a detailed respiratory health questionnaire and underwent allergy, lung function, and methacholine challenge testing [9, 10] . A subset of the study population at baseline (n = 5,383) was invited to enrol in a longitudinal diary study spanning 1992 and 1993 [11, 12] . Participants with a higher probability of reporting respiratory symptoms in the baseline survey were over-sampled for inclusion in the diary study to enhance the study's statistical power to detect associations between air pollution and lung diseases. Accordingly, meeting one of the following criteria assessed in the baseline survey was sufficient for a subject to be eligible for participation in the diary study: (1.) an affirmative answer to at least one of a set of 10 questions on respiratory symptoms; (2.) a ratio between forced expiratory volume in 1 second (FEV 1 ) and forced vital capacity that was less than 80% of the value predicted by European Community Coal and Steel norms; (3.) a decline in FEV 1 , of at least 20% from baseline during the bronchochallenge test; and (4.) satisfying none of the above criteria and being a nonsmoker. All participants fulfilling at least one of the first three criteria at the baseline survey were invited to enroll in the diary study. Participants fulfilling the fourth criterion were restricted to a random sample of 150 non-symptomatic non-smokers per area [11] . Of the 5,383 individuals invited to enrol, 3,279 participated (60.9%) [11, 12] . Ethical approval for this study was given by the ethics committees of the participating cantons in each study region. The diary study participants completed up to 6 diary periods of 4 weeks in duration, in 1992 and 1993, during which they recorded daily occurrence of respiratory symptoms and visits to the doctor for respiratory symptoms. Of the 3,279 diary study participants, we included the 459 individuals in this analysis who reported at least one doctor visit for a total of 1,048 visits. A time-stratified case-crossover analysis was developed, where for each participant a day with a reported doctor visit (case-day) was matched with all days absent of a doctor visit (control-day) that occurred in the diary period by weekday [13] . Case and control-days were excluded from the analysis if the participant did not report being present in the study area on that day. For this analysis, there was complete information on NO 2 exposure and other covariates in 914 case-days (i.e., reported doctor visits) and 2,362 control-days; for TSP, there were 892 case-days and 2,230 control-days with complete information.
Definition of subgroups
Of the 459 participants, 374 were divided into subgroups of having asthma (n = 78), chronic bronchitis (n = 189) or COPD (n = 54), or who were healthy (n = 116). Presence of asthma was derived from positive responses to the following questions, "Have you ever had asthma?'' and ''was this confirmed by a doctor?''. Chronic bronchitis was defined as self-report of cough or phlegm during the day or at night on most days for as much as 3 months each year for ≥2 years. COPD was defined as a ratio of forced expiratory volume in 1 second over forced vital capacity (FEV 1 /FVC) less than 70% and no previous history of asthma or current asthma medication use. Thus, while participants overlapped between the asthma and chronic bronchitis subgroups, the asthma and COPD subgroups were mutually exclusive. For this analysis, participants were defined as healthy if they did not meet the criteria for inclusion for asthma, chronic bronchitis, or COPD and if they were not present with bronchial hyper-responsiveness at the baseline survey; 14 of the 116 participants in the healthy subgroup were current smokers.
Definition of doctor visit for respiratory symptoms
Doctor visits for respiratory symptoms were divided into two subcategories: lower respiratory symptoms (wheezing or tightness of chest or trouble breathing or cough or phlegm during the day or the preceding night), and upper respiratory symptoms (sore throat or hoarseness or runny nose during the day or the preceding night and no lower respiratory symptoms).
Air pollution exposure assessment
Additional details on exposure measurements are provided in Monn et al. [14] . NO 2 and TSP were monitored at fixed sites by local authorities in the eight SAPALDIA regions, and 24-hour means of NO 2 (µg/m 3 ) and half-hourly means of TSP (µg/m 3 ) were used in this analysis. Particulate matter of 2.5 nor 10 micrometers in diameter (PM 2.5 and PM 10 , respectively) were not monitored on a daily basis at the time of the diary study, but a previous exposure assessment study demonstrated a high correlation between weekly averages of TSP and PM 10 in the SAPALDIA regions [15] . In the same study, a high correlation was also observed between PM 10 and NO 2 in the urban regions. At the time of the diary study, emission sources for NO 2 in Switzerland were predominately automobile traffic [15, 16] . Meteorological parameters including 24-hour means of temperature (T), relative humidity (RH), and atmospheric pressure (AP), were also collected for each SAPALDIA region. For chronological gaps of ≤2 consecutive days in the diary period with missing data for NO 2 , TSP, T, RH, or AP, linear interpolation between the day before and the day after was used to impute the missing data. Of the 3,276 person-days of observation with complete information specific to the NO 2 analysis, 465 person-days consisted of imputed pollutant or meteorological data; 356 of the 3,122 person-days specific to the TSP analysis consisted of imputed pollutant or meteorological data.
Statistical analysis
Conditional logistic regression (CLR), performed with the PROC PHREG procedure in SAS V 9.2 (SAS Institute, Cary, NC, 2008), was used to estimate odds ratios (OR) and 95% confidence intervals for doctor visits for respiratory symptoms (combination of upper and lower respiratory symptoms) as a function of NO 2 or TSP concentration (per 10 µg/m 3 ) in a polynomial distributed lag model. The polynomial distributed lag model was derived from NO 2 and TSP concentrations on the respective case or control-day of observation and the previous 13 days to account for substantial correlation between air pollution concentrations on days close together [17, 18] , including terms up to the 5 th degree order constrained in such a way that the resulting function had linear tails between lags 0 and 1 and between lags 12 and 13. Longer lag structures up to two weeks were also developed in this analysis to enhance stability of the distributed lag estimates, and because the previous literature demonstrates that lags beyond one week have some influence on respiratory mortality and morbidity [19, 20] . All models were adjusted for time-varying covariates including quadratic polynomial distributed lag function of T, RH, AP, T 2 , RH 2 , and RH*T on the respective day and the 6 preceding days (i.e., lag 0 to 6) up to ≤2 degrees for each term, and average T, RH, and AP from lag 7 to lag 13 days. Finally, there was additional adjustment for weekly average influenza incidence at the regional level, which was provided by the Federal Office of Public Health. All models were stratified by gender and smoking status (current smoker, former or never smoker); there was insufficient power to distinguish the effect of exposure between former and never smokers, particularly in the COPD subgroup, so we chose to combine former and never smokers. Doctor visits were also limited to lower respiratory symptoms in a secondary analysis. For each subgroup, the average percent change in doctor visits for respiratory symptoms was estimated over 1 or 2 weeks following a 10 µg/m 3 increase in NO 2 and TSP concentration on a given day by computing the area under the curve (AUC), which was derived from summing logits lag 0 to 6 or lag 0 to 13 days from the CLR models and then exponentiating their sum. The difference in AUC between mutually exclusive subgroups was estimated to evaluate whether time patterns were distinguishable between the subgroups.
Results
Different patterns of characteristics emerged between the subgroups as shown in table 1. Participants with COPD were more likely to be male, considerably older, report more than one doctor visit, and be a current smoker compared with participants with asthma and healthy participants. The majority of doctor visits were for lower rather
Figure 1
Adjusted OR's * for doctor's visit for respiratory symptoms per 10 µg/m 3 increase in NO 2 . * As estimated in separate conditional logistic regression models in the asthma, chronic bronchitis, COPD, and healthy subgroups, and adjusted for flu prevalence, polynomial distributed lags of T, RH, AP, T 2 , RH 2 , and T*RH from lag 0-6 days at up to 2 degrees of freedom, and average T, RH, AP, and T 2 from lag 7-13 days.
Figure 2
Average percent change * in number of doctor visits following a 10 µg/m 3 increase in NO 2 concentration. * For each subgroup, areas under the curve were estimated from adjusted conditional logistic regression models to approximate the average percent change in number of doctor visits over 1 and 2 week periods following a 10 µg/m 3 increase in exposure to NO 2 concentration on a given day.
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Swiss Med Wkly. 2012;142:w13681 than upper respiratory symptoms, but healthy participants had the highest proportion of doctor visits for upper respiratory symptoms.
Comparison of characteristics at the baseline SAPALDIA survey between participants who reported or did not report doctor visits was also evaluated within the asthma and COPD subgroups (supplementary file table 1) . Among participants with COPD, the distributions of age, current smoking status, symptoms consistent with chronic bronchitis, and percent predicted FEV 1 were not considerably different between those who reported and did not report doctor visits. Asthmatics who reported doctor visits had significantly lower percent predicted forced expiratory volume in one second (FEV 1 ) and a significantly higher prevalence of self-reported asthma medication use.
NO 2 and doctor visits
The mean NO 2 concentration observed on case and controldays, and the differences between them from the same risk set are summarised in table 2. On average, higher NO 2 concentrations were observed on case-days relative to controldays (i.e., at an exposure lag of 0 days). From an exposure lag of 1 day onward, the difference in NO 2 concentration, relative to control-days, continued to rise and peaked at an exposure lag of 4 days, before trending downward into negative territory by a lag of 8 days. A high correlation was observed between NO 2 and TSP concentrations (Pearson correlation r 2 = 0.72) at exposure lag of 0 days. The maximum OR for a doctor visit related to respiratory symptoms per 10 µg/m 3 increase in NO 2 in all participants occurred at an exposure lag of 4 days (OR: 1.038, 95%CI: 0.999-1.077), indicating a small increase in doctor visits. A bimodal lag distribution of peak effects of NO 2 occurred in all subgroups, but the timing and strength of the peak effects varied by condition ( fig. 1, table 3 ). In the asthma subgroup, the peak effects occurred at exposure lags of 5 and 13 days, but at shorter lags for participants with chronic bronchitis and COPD, all of which were statistically significant (p <0.05). In the healthy subgroup, the peak effects occurred at exposure lags of 5 and 10 days. Statistically significant inverse associations were also observed in the healthy and chronic bronchitis subgroups at lags of 2 and 9 days, respectively. Exposure lag patterns were broadly similar when doctor visits were limited to lower respiratory symptoms (data not shown). Transformation of the AUC's from the CLR models into average percent changes in doctor visits following an increase NO 2 exposure is illustrated in figure 2 . The largest increase in doctor visits was observed in the COPD subgroup; a 10 µg/m 3 increase in NO 2 concentration on a given day was associated with a 9.1% increase (95%CI: 3.2-15.4%) in doctor visits for respiratory symptoms on average over the first week following exposure. The increase in doctor visits for the COPD subgroup was reduced to 4.4% over two weeks following exposure, but remained statistically significant (95%CI: 0.6-8.3%). Average increases in doctor visits in both time periods were also observed in the asthma and chronic bronchitis subgroups, but were only statistically significant for those with chronic bronchitis over one week following an increase in exposure (4.2%, 95%CI: 1.2-7.2%). Average decreases in doctor visits were observed in the healthy subgroup for both time periods, but these changes were not statistically significant. The differences in average change in doctor visits were statistically significant in both time periods between the COPD and healthy subgroups, and over the first week between the COPD and asthma subgroups. The peak effects of NO 2 occurring with shorter exposure lags in the COPD subgroup, as shown in figures 1 and 2, were largely observed in current smokers (supplementary file table 2). There was little difference in effect lag patterns observed between current and non-smokers with chronic bronchitis. For participants with asthma, the peak effects of NO 2 in both groups occurred at exposure lags of approximately 5-6 days and 13 days. Differences in exposure lag patterns by gender also varied between subgroups (supplementary file table 3). In the COPD subgroup, the peak effects of NO 2 occurred at exposure lags between 0 and 3 days in females and between 2 and 4 days in males. For the chronic bronchitis subgroup, elevated ORs were observed mainly in males at exposure lags between 0 and 1 days and between 4 and 6 days. Exposure lag patterns were similar between males and females with asthma.
TSP and doctor visits
The results for TSP and doctor visits (see supplementary file) were broadly similar to those observed for NO 2 . The adjusted OR for doctor visits in all subjects was highest at an exposure lag of 4 days (OR: 1.038, 95%CI: 1.010-1.065). In comparison with the asthma and healthy subgroups, the peak effect of TSP occurred at a shorter exposure lag in the COPD subgroup (supplementary file fig. 1A-1D , table 5), and the effect was largely apparent in smokers and females of this subgroup (supplementary file tables 6 and 7).
Discussion
We observed positive associations between ambient exposures to NO 2 and visits to the doctor for respiratory symptoms on days following exposure, but the timing and magnitude in the effect of NO 2 varied by the underlying respiratory condition. Participants in the COPD subgroup were more vulnerable during the first week following an increase in exposure to NO 2 compared with those in the asthma and healthy subgroups. The results for TSP were broadly similar to those observed for NO 2 . Few studies have examined effects of ambient air pollutants on respiratory morbidity outcomes in adults in primary care rather than emergency care settings. Previous studies of air pollution and general practice consultations for asthma or lower respiratory tract diseases in London [5] , and doctors' house calls for upper or lower respiratory tract diseases in the greater Paris area [4] observed no significant associations with NO 2 . The former study did not consider exposure lags more than 3 days, but the latter study evaluated up to 15 days and also found that the effects of PM 10 on house calls for lower respiratory diseases persisted until 4 days after exposure followed by a steady decrease. The studies cited in the previous paragraph did not evaluate the susceptibility to respiratory health effects of air pollut-ants by pre-existing chronic respiratory disease. There is evidence from both epidemiologic and laboratory studies to suggest that adults with asthma and COPD are particularly sensitive to air pollutants using a wide range of outcomes that include aggravation of respiratory symptoms, emergency room visits, and hospital admissions [1, 2, 21, 22] . Evaluation of susceptibility factors may also help redefine exposure limits. The findings from our study indicate that the number of doctor visits for respiratory symptoms among individuals with COPD would increase by 9.1% over the course of one week following an increase of 10 µg/m 3 of exposure to NO 2 . COPD is a common disease in most countries, with a reported prevalence in Europe and United States falling between 4 and 10% [23] . Thus, the present findings re-emphasise that air quality improvements would represent considerable medical and other societal savings, and should be included in general strategies for disease prevention [24] . The variation in lag distribution of effects between the disease subgroups is also of particular interest. The observed findings suggest that the time to doctor visit following increase in exposure to NO 2 is more immediate for individuals who have at least mild COPD than for those with asthma. Both diseases are characterised by chronic inflammatory processes, but the general features are distinct with different pathophysiology. Airflow obstruction is poorly reversible for COPD in comparison with asthma, whose exacerbations can be managed more effectively with the use of bronchodilators and inhaled steroids. Thus, the variation in lag distribution of effects may reflect a comparison of disease severity between COPD and asthma. However, there may be alternative explanations for the observed findings. First, differences in lag time and associations with doctor visits observed between the subgroups may be attributable to differences in smoking and gender. Lagged effect patterns of NO 2 exposure were similar for asthma and COPD when the analysis was limited to former and never smokers, but the effects were more immediate and higher for COPD than asthma in current smokers. Although it is known that there are gender differences in treatment seeking behaviour, the lagged effects of NO 2 exposure on doctor visits were more immediate for COPD than for asthma in both males and females. Secondly, peak effects may have occurred at shorter exposure lags for participants with COPD and chronic bronchitis because they are less likely to take medication compared with participants with asthma. It is possible that the use of bronchodilators or inhaled steroids in asthma exacerbations may delay (or postpone) the decision to visit the doctor. However, effects of NO 2 exposure did not differ considerably between asthmatics who reported use of asthma medication in the 1991 baseline survey and those who did not (data not shown). Molecular and genetic epidemiology may help to elucidate the biological mechanisms of susceptibility to respiratory health effects in [25] . Furthermore, we observed a bimodal lag distribution of peak effects of NO 2 and TSP in all subgroups, although there was variation in timing and magnitude by condition. For the COPD subgroup, the development of respiratory symptoms leading to a doctor visit on the second or third day after exposure to NO 2 may reflect a more rapid mechanism of airway irritation in individuals with more severe obstruction, or with presence of other susceptibility factors including older age and co-morbidities. The second wave of doctor visits on 9-10 days following exposure may be due to delayed or slower effects of a similar mechanism in milder cases of obstruction but might also be an artefact.
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The presence of such a second peak would need to be confirmed with other data. This study has multiple strengths and limitations that are inherent to its design. The subjects of the SAPALDIA diary study participated one to two years earlier in the baseline survey of SAPALDIA, which included information on spirometry and methacholine challenge testing, and respiratory symptoms. Many of the diary study participants were selected on the basis of presenting with respiratory symptoms or poor lung function at the baseline survey, which enabled us to make comparisons between subgroups [11, 12] . However, misclassification of subgroup is a possibility, particularly for COPD. While the prevalence of COPD in the younger age demographic of the general population is rare, 9 of the 54 participants (16.7%) in the COPD subgroup were less than 40 years of age, although the higher prevalence may reflect the selection of those who reported doctor visits. Bronchodilator tests were also not performed in the SAPALDIA baseline survey, so it was not possible to adhere to the more strict definition of COPD. Instead, validated questions for history of physician diagnosed asthma, current asthma, and asthma medication use in combination with lung function testing were used to minimise the inclusion of participants with potential asthma in the COPD subgroup. Furthermore, lag structures were similar between asthmatics who reported or didn't report asthma medication use in the 1991 baseline survey (data not shown); if unrecognised and untreated asthmatics were excluded from the COPD subgroup, the lagged effect patterns between the COPD and asthma subgroups would be likely to differ even more. Finally, to ensure accurate classification of healthy participants, normal bronchial reactivity tests were required in addition to absence of asthma, bronchitis symptoms, and airflow obstruction. The distinct patterns of timerelated effects of NO 2 effects observed between the asthma, COPD, and healthy subgroups suggest that misclassification is likely to be minimal.
The case-crossover analysis, in which the same participant was both a case and a control, prevented confounding by gender, age, smoking status and other individual factors that do not vary within time strata. However, there may be unmeasured confounding by time-varying factors, including daily medication use, which was not available in this analysis. Moderate prevalence of asthma medication or inhalation steroids, according to data collected at the baseline survey of SAPALDIA, was only observed in the asthma subgroup. As described in the previous paragraph, lag structures were also similar between treated and untreated participants in the asthma subgroup. Thus, unmeasured confounding by daily medication use in asthmatic participants may be rather minimal. While referent time periods are individually matched to case time periods in case-crossover studies, there are several different strategies to select referent periods, and the risk estimates may vary by selection strategy [26, 27] . Based on review of this literature, we chose our referent periods using a time-stratified design, in which control and casedays were matched by weekday within the diary period, thus providing sufficient control for time trend biases including seasonal trends [27] . The observed associations between daily levels of NO 2 and TSP and reported doctor visits were statistically significant at specific lags, but were mostly of smaller magnitude with confidence intervals indicating wide variation. The CLR models were adjusted for time-varying factors including weekly flu prevalence at the regional level and complex combinations of meteorological variables. Effect estimates of similar magnitude were also observed in CLR models that were unadjusted for meteorological covariates (data not shown). Furthermore, these models were stratified by presence of chronic respiratory disease, gender, and smoking to account for the hypothesised heterogeneity of effects between subgroups. The assignment of daily exposure was also based on fixed site monitors that have rather limited precision to indicate exposure of a particular participant on a given day, so there is potential for exposure misclassification of NO 2 and TSP. However, relevant to TSP, the spatial homogeneity of particulate concentrations was demonstrated to be quite high in one of the regions for this study [28] . Finally, other potential causal components, including ultrafine particles, were not addressed and may explain the observed effects in this study. Ambient NO 2 was and still is a proxy for combustion, and nearly 20 years ago, it was strongly related to traffic; while ultrafine particle data was not collected in this study, we may consider NO 2 a proxy of traffic related PM.
Conclusions
In summary, an increase in exposure to NO 2 and TSP was associated with a visit to the doctor for a few days following exposure. Respiratory problems leading to a doctor visit may have a faster dynamic in individuals with underlying COPD. The SAPALDIA team: Figures (large format)
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